Land use Land cover have significance in relation to Land, the most vital and fundamental resource pertaining to the urban development. Unprecedented urban growth has a noteworthy impact on natural landscape by converting natural land-cover in Haryana. Hisar, an area recognized for rapid urban growth is less explored in terms of research. The present research has shown a significant change in land use in terms of expansion of built-up area from 3.7 % (1991) to 5.0 % (2001) and 6.2 % (2011) by encroaching into agricultural land. Despite the clear difference between average land surface temperature for built up and non-built up area, grazing land and sandy waste, bare land in the rural surrounding possess higher temperature compared to the city core which contradicts the reported impact of urbanization earlier. Such contrary pertains to sparse vegetation cover leading to reduced evaporative cooling during dry pre-monsoon summer in the rural surrounding. On the other side, green parks and plantation in the city contribute to lower mean temperature because of high rates of evapotranspiration and produce 'oasis effect' in the present study area located in semi-arid climatic zone. Regression analysis between temperature and Normalized Difference Vegetation Index, Normalized Difference Built-up Index exhibited a strong negative and positive correlation respectively (Pearson's r: between -0.79 to -0.87 and between 0.79 to 0.84 respectively). Future land use prediction project an increase (1.3 %) in built-up area from 2011 to 2021. This study recommends urban plantation and prohibition to overgrazing to check the heat effect.
INTRODUCTION
Worldwide land use and land cover (LULC) change in vast area along with rapid urbanization and population growth, has become an issue of major concern particularly in Kumar S., Ghosh S., Hooda R.S., Singh S.: Monitoring and prediction of land use land cover changes and its impact on land surface temperature in the central part of Hisar district, Haryana under semi-arid zone of Indiaaaaaaaaaaaaa 118 developing countries (Newbold & Scott, 2013; Ramachandra et al., 2012) . As indicated by the United Nations (UN) and Population Reference Bureau-PRB (2000) , about 3.3 billion people from the population has been dwelling in city areas and by 2030, this is anticipated to stretch to almost 5 billion. By 2030, 81 % of urban population of developing world will be seen in town and cities (UNFPA, 2008) . In such a scenario, the urban population in India is growing at about 2.3 % per annum (Ramachandra & Kumar, 2008) with the developing countries whose average annual rate of change of urban population is projected 2.27 % during -2025 (UNFPA, 2008 . Recently, the 2018 Revision of World Urbanization Prospects prepared by the Population Division of the UN Department of Economic and Social Affairs (UN DESA) has predicted an addition of another 2.5 billion people to urban areas by 2050 and this report also states that Asia and Africa will contribute 90 % of this addition. Moreover, it has also been projected that India will take the load of added 416 million urban dwellers by 2050 (UN, 2018) . According to 2011 census, urban proportion is 30 % of total population in India. Even though, such urbanized areas become centres of innovation for the global economy and contributed to the wealth of their respective nation (De Sherbinin et al., 2007) , it is worth mentioning that, the rapid rates of urbanization and unplanned expansion of cities have resulted in several negative consequences like the depletion of open spaces and forest cover, increase in atmospheric Carbon monoxide (CO) (Imam & Banerjee, 2016) , surface water pollution (Weng, 2001) , development of slum, insufficient infrastructure, higher pollution levels, poor quality of life, congestion, pressure on key resources and many more (Riffat et al., 2016; Ramachandra et al., 2012) .
Migration of people to urban areas in search for livelihood contributes to rise the urban population and expansion of urban areas which is one of the major reasons for land conversion especially forest cover (Imam & Banerjee 2016) and agricultural land (Luck & Wu, 2002) . Despite the small area coverage relative to the earth's surface, such intensified land conversion affects the quality of life at all geographic scales (Herold et al, 2005) and degrades the environment prominently by altering the land surface temperature (LST) and thus making hotter urban areas compared to the rural surroundings. Such urban pockets with higher temperature impose diversified impact in the form heat-induced mortalities (Hondula et al., 2012) , air pollution (Weng & Yang, 2006) , water consumption (Gober et al., 2009) etc. To combat such rapid LULC change, spatio-temporal pattern analysis of LULC change, impact of such change over the thermal environment as well as the prediction of future land use are necessary which will provide the basic information to urban planners and decision makers for making development plans with a sustainable approach.
In this context, satellite remote sensing can play an important role as the conventional surveying, mapping techniques are expensive, time and labour consuming and there is lesser availability of such data for most of the urban area specially in developing countries. The free availability of Landsat TM/OLI images with acceptable spatial resolution (30m), repetitive coverage and multispectral monitoring to the scientific community enrich the continuous monitoring of LULC dynamics for longer period and even make possible to predict future land use. Various studies have successfully used such images for LULC mapping and change monitoring using visual interpretation, automated and semi-automated mapping techniques along with post-classification change detection technique (Islam et al., 2018; Dou & Chen, 2017) . Besides the descriptive analysis of past and present LULC pattern, prediction of future land use has also been performed by modeling of urban growth and land use/land cover change (Rodriguez-Galiano & Chica-Olmo, 2012; Tewolde & Cabral, 2011) with successful integration of remote sensing and GIS. While optical remote sensing can provide useful information in terms of LULC transformation, thermal band has been effectively used to 119 estimate LST (Duan et al., 2019; Wang et al., 2018) and exhibit the spatial variation of LST with respect to LULC (Almalki & Al-Namazi, 2019; Kayet et al., 2016) .
Compared to those districts (Faridabad, Palwal, Nuh, Gurgaon, Rewari, Mahendragarh, Charkhi Dadri, Bhiwani, Jhajjar, Rohtak, Sonipat, Panipat, Jind, Karnal) of Haryana declared as a part of National Capital Region (NCR), Hisar is less explored in terms of research. Limited studies available for Hisar at the district and city level (Rajesh, 2018; Kumar et al., 2016; Kaushik et al., 2015; Shashikant et al., 2015; Jain et al., 1991) reported that small-scale industries, educational facilities, transportation development are the main factors responsible for the rapid urban growth and expansion of Hisar city along the National Highway (NH) no.10 and Sirsa road. Such uncontrolled expansion of built-up region in the central part of Hisar Tehsil has resulted into the loss of scrub land and productive agricultural land. Located in semi-arid climatic conditions, Hisar is characterized by scanty, erratic rainfall and dearth of natural drainage. In such a situation, rapid urbanization and anthropogenic interference increase the temperature along with the evapo-transpiration which contributes to natural concentrations of salt and thereby cause high salinity in the ground water. Moreover, waterlogging is another problem in the period of occasional rainfall because of the increase of impervious surface area due to the expansion of urban dwelling which prohibits percolation of surface water into the ground. It also hampers the ground water recharge in this area and thereby became one of the reasons of depletion of water table in different parts of Hisar Tehsil.
Looking into the manifold impact of rapid LULC change in Hisar, the present study has attempted the spatio-temporal pattern analysis of LULC change using the multi-temporal satellite images and investigated the impact of such dynamics on the LST over time. It has also attempted the prediction of future land use in this region which will contribute to prepare necessary management measures for a sustainable development.
Present study has been started from the hypothesis that urban growth in the central part of the study area can contribute to modify the LULC pattern. Such modified LULC pattern can act as a major factor in increasing temperature over the city core compared to the rural surrounding. In urbanized area, release of human-induced heat from high-concrete buildings in the residential, commercial and industrial area is the major reason behind the higher LST.
STUDY AREA
The study area lies in the central part of Hisar district and consists of Hisar tehsil ''E -75°54'42''E) ( Fig. 1) . Physiographically, Hisar plain covers the major part of Hisar tehsil. Because of the absence of natural drainage, the plain appeared as fertile with the introduction of irrigation through the development of extensive canal network as the branches of the Western Yamuna Canal and the Bhakra Canal. Small sized sand dunes are found in the tehsil in irregular interval as the district is bounded by Desert of Rajasthan in the south-western part. Being land-locked and located in the semi-arid climatic condition, it is characterized by dry air, irregular rainfall (average annual rainfall around 450 mm, mostly during July and August) and drastic disparity of temperature. With the onset of winter season (from mid-November to mid-March) maximum daytime temperature ranges from 1.5 to 4 °C because of the passing western disturbances whereas during the summer season (from mid-March to end of June), the range is from 40 to 46 °C and hot westerly winds (looh) affect the region. The present study area is agriculture dominated and minimal area is under forest cover especially tropical desert thorn species mostly of xerophytes. According to the Census 2011, the total population of Hisar tehsil is 1,069,309. Out of the total population, Kumar S., Ghosh S., Hooda R.S., Singh S.: Monitoring and prediction of land use land cover changes and its impact on land surface temperature in the central part of Hisar district, Haryana under semi-arid zone of Indiaaaaaaaaaaaaa 120 4,23,945 (39.6 %) lives in urban areas. Considering the decadal change in population, it has been observed that Hisar tehsil has highest decadal growth of 14.1 %. Compared to the other tehsils, Hisar tehsil has experienced highest decadal growth (37.98 %) in the urban area also. The area is dominated by large, medium and small-scale industrial units, even the house-hold industry. Transport and communication system are well developed in this region in the form of National Highways (NH10; NH 65) and the Broad-Gauge Railway Lines (Rewari -Bhiwani-Hisar-Sirsa and Hisar Jakhalmandi). temperature are always preferable to identify LULC without ambiguity. All the data sets are terrain corrected with Universal Transverse Mercator (UTM) coordinate system, 43 North Zone and WGS 84 Datum. ASTER Global Digital Elevation Model (GDEM V2) has also been downloaded from the United States Geological Survey (USGS) server. The vector data of district and tehsil boundaries, streams, canals, railway lines and roads have been provided by the Haryana Space Applications Centre (HARSAC). Collection of field points has been carried out during the months of July 2016 for each LULC classes. At the selected field points, latitude and longitude, and LULC classes as attributes have been recorded using Garmin Map 62S hand-held Global Positioning System (GPS) (Fig. 2, Table 1 ). 
LULC mapping
An unsupervised classification technique with (Iterative Self-Organizing Data Analysis Technique Algorithm) ISODATA Clustering has been performed on all the three images using ERDAS Imagine 2014 to generate LULC maps for the three observation periods. Minor post-processing is required to remove the ambiguity between spectrally similar classes representing completely different LULC types to improve the accuracy of the classified maps. For this, reclassification technique has been used in GIS platform and correct classes are assigned to a land cover types which has been incorrectly classified. Such processing has been performed using field data (Table 1) , high-resolution Google Earth images and land use land cover database prepared under "National Land Use/ Land Cover Mapping" project on 1:50,000 scale carried out by National Remote Sensing Centre (NRSC), Indian Space Research Organization (ISRO) (available in Bhuvan portal). Accuracy assessment of three classified maps for the year 1991, 2001 and 2011 has been performed by a method using an error matrix (Card, 1982; Congalton, 1991) . The change in area of LULC between the observation periods has been calculated using post-classification comparison and has been discussed in section 4.1.
Estimation of LST using the Thermal band
In the study, thermal infrared (TIR) band of Landsat 5 TM images of three dates (05 March 1991 , 16 March 2001 and 12 March 2011 have been used to calculate the LST of the study area for the month of March.
Digital numbers (DNs) of the TM band6 have been first converted to Top of Atmospheric (TOA) radiance by the following Eq.1 proposed by Markham and Barker (1986) .  max L = Spectral at-sensor radiance that is scaled to max cal Q (available from the header file) Spectral radiance at the sensor's aperture ( ) has been converted to at-sensor brightness temperature considering uniform emissivity using the Eq.2: Estimation of land surface emissivity (LSE) is essential for the accurate computation of LST. LSE corrected LST has been computed using the Eq.3 following Artis and Carnahan (1982) : 
Where, m (0.004) and n (0.986) have been used (Sobrino et al., 2004) v P =Vegetation Proportion v P has been estimated using the Eq.5 (Carlson & Ripley, 1997)   
Derivation of Spectral Indices
Using the high reflectivity in NIR region and comparatively low reflectivity in the RED region, Normalized Difference Vegetation Index (NDVI) facilitates the estimation of surface vegetation cover. It is worth to mention that NDVI is subject to seasonal conditions (Zhang et al., 2009) , which was one of the reasons behind selecting cloud-free images of the same month (March) for the present study. Moreover, in Hisar, it has been observed that this period is nearly hot and almost dry with least variation in relative humidity. However, NDVI is an important indicator of surface radiant temperature (Lo et al., 1997) . Additionally, the thermal condition of any urban region is linked to the drop of evapotranspiration due to the loss of vegetation cover, therefore, it is beneficial to correlate NDVI and LST. NDVI has been computed by dividing the difference of reflectance between RED band (0.63-0.69 µm) and NIR band (0.76-0.90 µm), available in TM image by the sum of the two-reflectance using Eq. 6:
Likewise, Normalized Difference Built-up Index (NDBI) has been computed by dividing the difference of reflectance between NIR band (0.76-0.90 µm) and MIR band (1.55-1.70 µm), available in TM image by the sum of the two-reflectance using Eq. 7 following Zha et al. (2005) :
Correlation analysis between LST and LULC, Spectral Indices
To examine the probable relationship between spatial variation of LST with LULC, NDVI and NDBI, zonal statistics have been extracted considering the LULC map, LST map, NDVI map and NDBI map using ArcGIS. The entire study area has been divided into 126943 zone of 100 m ×100 m size. Mean values of LST has been computed within each zone and associated with LULC class and mean NDVI and NDBI of that each zone. A regression analysis has been performed between mean LST and mean NDVI. Likewise, another regression analysis has also been carried out between mean LST and mean NDBI values. A detailed discussion regarding the relationship spatial variation of LST with LULC, NDVI and NDBI has been discussed in section 4.2.
Prediction of Future Land Change Scenario
To predict the future land use change scenario, Land Change Modeller (LCM) (Idrisi Terrset 18.08) has been used. LCM is based on Markov chain matrices and transition susceptibility maps has been successfully applied to categorize trends in LULC change of arid/semi-arid regions in earlier studies (Ansari & Golabi, 2019; Gibson et al., 2018) . Details of the methods and tools offered by the model has been discussed in Mas et al. (2014) . For the present study, two LULC maps of two different dates having the same classes are analysed to evaluate gains and losses between landcover classes, deduce the patterns and process of change by calculating types of transition and rate of change with respect to some influencing factors in LCM model. Such analysis enables the user to assess the degree of vulnerability of that area towards change through transition potential modelling and thus predict spatial distribution of LULC in future (Kolb et al., 2013) .
LULC of 2011 has been simulated using past LULC maps of 1991 and 2001 and various influencing factors viz. distance from road (estimated from the road shapefile), distance from streams (estimated from river shapefile), elevation (estimated from relief map derived from DEM) and slopes (estimated from slope map derived from DEM). Afterwards, the simulated LULC map of 2011 has been compared with actual LULC map of 2011 prepared using TM image. Moreover, using the LULC of 2001 and 2011, LULC of 2021 has been predicted. The future land use change scenario has been discussed in section 4.3. Kumar (Figure 3a-c) . Subsequently, a quantitative analysis of the spatiotemporal change in the LULC of the study area has been performed from 1991 to 2001 and 2011 (Figure 3d , Table 2a ). Moreover, to examine the conversion of one specific LULC class to another category at a later year, post classification matrices (Table 2 b-c) have been obtained. Such analysis has depicted a continuous and sharp increase in built up areas from 3.7 % in 1991 to 5.0 % and 6.2 % in 2001 and 2011 respectively (Table 2a ). The expansion of built-up region has taken place with the loss of fertile agricultural land to meet up the high demand for land for habitation and infrastructure development. Consequently, 14.1 km 2 and 9.5 km 2 agricultural area has been converted to built-up from 1991 to 2001 and 2011 respectively (Table 2b-c) and despite being the most dominant land cover class, agricultural land has shown a gradual and continuous decrease over the years (87.6 % in 1991, 86.9 % in 2001 and 86.3 % in 2011) . Although, a notable increase in area covering water bodies has been observed from the period of 1991 (1.2 %) to 2001 (1.3 %) and 2011 (1.4 %) which accounts for operation of wide-ranging canal network for irrigation purpose. Keeping pace with the expansion of urban settlement, rural settlement has also expanded by encroaching into the grazing land which has resulted into the decrease of grassland/ grazing lands from 2.1 % in 1991 to 1.4 % in 2011. On a positive note, it can be observed that some part of this land has also reclaimed and converted into agricultural land. Area coverage by waste land class comprising degraded scrub land, sandy waste and few waterlogged lands has maintained a decreasing trend over the study period. It is worthwhile to mention that some wastelands surrounding town have been utilized for urban expansion to avoid encroachment on productive and fertile agricultural areas which was identified in former study (Jain et al., 1991) . Likewise, present study has revealed that 7.3 km 2 and 13.1 km 2 area of wasteland have been rejuvenated into agricultural land in the north-western portion of the study area during 1991-2001 and 2001-2011 respectively (Table 2b-c). Forest/reserved area class mostly comprises with thorn bush as well as those lands which has been reserved for forest plantation by the government. Although, this class exhibited a continuous decrease due to the clearance because of the expansion of the built-up areas, plantation and shrub has been found in the reserved areas due to the initiative by the government. For the accuracy assessment of the LULC maps, multi-spectral satellite images with better resolution than that of input images for the same years are not available. Therefore, the unclassified images for the three years have been used as reference images. The reference data for all the test pixels have been derived by visual interpretation of the reference image, field information, high-resolution Google Earth imageries and LU/ LC database available in the Bhuvan website. Total 500 pixels test pixels have been selected following a stratified random distribution. Errors of omission, errors of commission, user's accuracy and producer's accuracy have been calculated for each class for the three LULC maps of 1991, 2001 and 2011. The overall classification accuracy has been observed as 90.2 %, 90.6 % and 88.6 % and Kappa coefficient has been calculated as 0.86, 0.87 and 0.84 of the of the classified output of 1991, 2001 and 2011 respectively. The values of individual accuracies in terms of user's and producer's accuracies range from 77% to 98 % in 1991 while 72 % to 100 % in 2001 and 68 % to 100 % in 2011. A more careful observation at the error matrix notices that there is some misclassification between grazing/grassland and agricultural land which pertains to spectral similarity of these two classes at few places in the study area. Likewise, the issue of mixed pixel of grazing land and rural built up because of their close occurrence could be a reason of lower accuracy of grazing/grassland class (Table 3a-c). 
Variation of LST with respect to LULC and Spectral Indices
The LST maps generated for the month of March in 1991, 2001 and 2011 have revealed that mean LST has exhibited a notable increase (5.4 °C) from 23.31 °C to 28.67 °C from 1991 to 2001. The minimum and maximum temperature has also increased from 1991 (minimum temperature-17.02 °C, maximum temperature-29.59 °C in 1991 °C, maximum temperature-29.59 °C in ) to 2001 °C, maximum temperature-29.59 °C in (minimum temperature-19.72 °C, maximum temperature-37.61 °C in March 2001 . In contrast to such significant increase in LST, a slight decrease in minimum (18.83 °C), maximum (35.65 °C) and mean LST (27.24 °C) has been observed in 2011 from the prior observation periods (Figure 4a-c) . However, to analyse the impact of conversion of LULC over the variation thermal condition in the study area, mean LST has been associated with different LULC types, with error bars representing ±1 standard deviation of each type ( Figure  4d) . The difference between average LST for built up and non-built up area (22.8 °C and 22.2 °C in 1991, 29.2 °C and 28.2 °C in 2001, 26.3 °C and 25.7 °C in 2011) has exhibited an increase-decrease pattern from 1991 to 2001 and to 2011 respectively. Compared to other LULC types, wasteland exhibits the highest mean LST values in all the three observation periods (24.2 °C in 1991, 30.8 °C in 2001, 28.2 °C in 2011) because of huge amount heat being released by sandy waste, salt affected area and brick-kiln included in this category. In contrast to the prior works conducted in the neighbouring region of the study area where higher LST has been reported in the city core than the rural surrounding (Kikon et al., 2016) , in the present research, grazing land and sandy waste especially the bare land located in rural surrounding exhibits higher temperature compared to city core (Table 4) . Such a situation pertains to reduced evapotranspiration because of scanty vegetation cover in the rural surrounding during dry pre-monsoon summer. Presence of bare land in the form of fallow area, overgrazed land, lower moisture holding ability of thorny bushes are the dominant factors for the reduced evaporative cooling in the semi-arid regions (Fan et al., 2017; Shastri et al., 2017) . Moreover, green cover in the form of parks, and plantation in the city becomes important contributor to lower mean LST because of high rates of evapotranspiration which has been termed 'oasis effect' in the cities located in the arid and semi-arid in earlier studies (Fan et al., 2017) . Although, built-up area comprising high-rise buildings, roadways, industrial area with other constructions has also been detected with high mean LST because of the trapping of radiation and release of human-induced heat. However, agricultural land has been detected with low mean LST as agricultural lands with comparatively consistent land surface material are far away from city core avoiding the influence of urban heat (Yue et al., 2007) . The minimum and maximum NDVI values in 1991 (minimum: -0.38 and maximum: 0.73), 2001 (minimum: -0.32 and maximum: 0.73) and 2011 (minimum: -0.27 and maximum: 0.74) has depicted stable maximum NDVI value over the study periods which indicated a decreasing trend of green space over the study area (Figure 5a-c) . According to the India State of Forest Report 2011, only 1.05 % of total geographical area is under forest cover in Hisar Tehsil standing after Fatehabad (0.71 %) and Sonipat (0.99 %). Looking into the NDBI maps, it has been observed that NDBI values > 0 are associated mainly with the built-up in the central urban core. In southern part of the study area, high NDBI of the areas where waste Kumar S., Ghosh S., Hooda R.S., Singh S.: Monitoring and prediction of land use land cover changes and its impact on land surface temperature in the central part of Hisar district, Haryana under semi-arid zone of Indiaaaaaaaaaaaaa 132 land and fallow land exists (Figure 6a-c) . In the regression analysis between mean LST and mean NDVI for 1991, 2001 and 2011, considering entire study area, y-axis represents mean LST associated with different LULC class and x-axis represents mean NDVI values ( Figure  5d ). Each point represents the mean LST and NDVI value in each zone (different coloured points (red for 1991, green for 2001 and blue for 2011) have been used for designating three different years), different coloured lines (as expressed in the legend of figure 5d ) has been used to represent the result of linear simulation for the three different years and regression functions are also exhibited in Table 5 . Similar regression analysis between mean LST and mean NDBI for the three years has been represented in figure 6d . As more than 85 % of the study area is covered with agricultural lands, large number of points in the regression analysis have depicted stable mean LST with considerable variation of NDVI which may suggest that NDVI values changes significantly depending upon the density of agricultural land but LST has not changed much. Overall, the regression analysis for the three dates exhibited a strong negative correlation (Pearson's r value -0.79 in 1991 (Pearson's r value -0.79 in , -0.87 in 2001 (Pearson's r value -0.79 in and -.0.84 in 2011 between mean LST and mean NDVI depicting areas with high NDVI values with lower LST and vice-versa. In contrast, another regression analysis between mean LST and mean NDBI values for the three observation periods exhibited a strong positive correlation (Pearson's r value 0.84 in 1991 (Pearson's r value 0.84 in , 0.89 in 2001 (Pearson's r value 0.84 in and 0.79 in 2011 between mean LST and mean NDBI depicting areas with high NDBI values with higher LST and vice-versa ( Figure 6d ). Similar observations have been reported by a few previous studies (Tran et al., 2017; Kikon et al., 2016) . Looking into such observations, it can be remarked that higher NDVI associated with more vegetation cover corresponds to high rate of evapotranspiration leading to exchange of heat between surface and atmosphere (Yue et al., 2007) . Therefore, utilization of suitable sites for urban green cover should be encouraged by the policy maker in case of town and city planning to control the urban heat effect. 5: NDVI maps of (a)1991, (b)2001 and (c)2011 and (d) Scatter plot linear regression of NDVI and mean LST during different observation periods. Fig. 6: NDBI maps of (a)1991, (b)2001 and (c)2011 and (d) Scatter plot linear regression of NDBI and mean LST during different observation periods.
Prediction, Validation and Analysis of Future LULC
The transitional probability matrix (TPM) ( Table 6 ) has been produced through LCM by examining LULC maps 1991 and 2001 to predict the land use map for 2011 (simulated map). In TPM, except for the transition probabilities of similar land uses together, the transition probabilities of forest to agricultural land, i.e. 0.20 is the highest probabilities. It has been further validated by comparing observed and simulated LULC maps of 2011 (Figure 7 a and b; Table 7 ). A visual interpretation of the simulated and actual maps for the year 2011 has exhibited adequate similarity between the predicted result and the actual LULC type. Although, a noticeable mismatch has been observed in case of the area coverage by agricultural land (observed area-1081.49 km 2 , simulated area-1075.34 km 2 ). Such difference in area has been observed due to establishment of Ramdhan Singh farm in this area after 2002. In figure 7d , the enlarged view of the mentioned discrepancy (marked using the black circle in figure 7a and b) has been displayed. Both in the LULC maps of 1991 and 2001, the marked area has been identified as wasteland, therefore, in the simulated LULC map of 2011 that area has been predicted as wasteland as no change has been observed between landcover classes in the input years (i.e. 1991 and 2001) which has been used to predict the landcover of 2011. Therefore, it can be remarked that LCM can be used in predicting future LULC change with the premise of having uniform rate of change in the future (Yirsaw et al., 2017) . In TPM for 2021 (Table 8 ) the transition probabilities of grazing/grassland class and wasteland class to built-up and agricultural land, i.e. 0.18 and 0.21 respectively, are the highest probabilities. The transition probability of the built-up class to that same category is greater than the transition to other categories, which indicates the growth of built-up region. Though, some land use transition in TPM appears to be irrational (i.e. the transition of built-up to waterbodies) which could be attributed to the minor errors in land use classification. Based on the predicted LULC map of 2021 (Figure 7c ), significant increase in built-up area from 2011 to 2021 can be predicted (6.2 % in 2011 whereas 7.5 % in 2021) may be at the cost of wasteland (4.1 % in 2011 whereas 3.0 % in 2021), grazing and grassland (1.4 % in 2011 whereas 1.0 % in 2021) as a noticeable decrease in these classes is also projected. Such scenario could be anticipated due to housing and infrastructure development because of the expansion of Hisar city around and along the NH-65.
Fig. 7: LULC maps of (a)2011 (observed), (b)2011 (predicted), (c)2021 (predicted) (d) Enlarged view of the discrepancies (marked by black circle in (a) and (b)) between LULC maps of 2011 (observed and predicted) (black circle area shows agricultural land as observed LULC in 2011 and wasteland as predicted LULC in 2011)
Results of the present study has confirmed the hypothesis that urban growth affecting the pattern of LULC in the form of loss of agricultural land. Moreover, concrete building, industrial area in the urbanized region has been hypothesized as a reason of trapping heat and thereby raise the temperature there compared to the rural side. Conversely, the present study has identified higher LST over the rural surrounding compared to the main city area. The presence of sandy waste, salt affected area and brick-kiln and enormous heat released by them lead to higher LST in the countryside. 
CONCLUSIONS
Despite the rapid urbanization and population growth, Hisar tehsil has been rarely inspected regarding its urban expansion and its associated impact. To overcome the data-scarcity in this region, the present study has attempted the spatio-temporal pattern analysis of LULC change using the satellite images of 1991, 2001 and 2011 with the prediction of future land use of 2021 and impact of such land use dynamics over its thermal environment. The present study area has experienced a major increase in the built-up zone at the cost of fertile agricultural which can hamper the economy as the area is mostly agriculture dominated. Although, on a positive note, it can be observed that some of the wastelands have been utilized for the development of residential area and few wasteland areas have been revived for agriculture with proper measures. Moreover, Government initiatives have been taken for reserving some land for plantation purposes. Despite of such precautions and corrective measures, the residential and infrastructural development to fulfil the urban need possess notable impact over thermal environment. Variation of LST with respect to different LULC revealed that built-up zone has exhibited high temperature because of heat-trapping characteristics of material used for making high-rise building and other construction related to industrial, infrastructural setup. Although, compared to city core, higher temperature has been observed in some parts sandy waste, salt-affected region and grazing land in surrounding rural region because of thorny bushes and sparse pre-monsoon vegetation and thereby reduced evaporative cooling. On the other side, urban green space contributes to reduce the temperature in the city region producing the 'oasis effect' in the study area located in the semi-arid climatic zone. Correlation analysis between the mean LST and spectral indices revealed that more vegetation cover corresponds to high rate of evapotranspiration leading to exchange of heat between surface and atmosphere and thus could be a measure of controlling increase of temperature. Based on the obtained results, it can be certainly remarked that this research could be useful proper urban planning and environmental management for sustainable urban development.
